A Method of Resonant Series-parallel Identification  by Tkachenko, G.I. & Baklanov, A.N.
 Procedia Engineering  129 ( 2015 )  690 – 694 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-2015)
doi: 10.1016/j.proeng.2015.12.092 
ScienceDirect
Available online at www.sciencedirect.com
International Conference on Industrial Engineering 
A method of resonant series-parallel identification 
Tkachenko G.I., Baklanov A.N.* 
Platov South-Russian State Polytechnic University (NPI), 132, St. Prosvescheniya, Rostov region, Novocherkassk, 346428, Russian Federation 
Abstract 
This paper describes a method of resonant series-parallel identification of resistive-capacitive sensors parameters and the solution 
of the system object model that allows you to define its parameters, inaccessible to direct measurements. Computational 
experiments showed that the method of resonant series-parallel identification allows defining the parameters of RC-objects with 
distributed parameters. The proposed method has the following advantages: high speed while maintaining the desired accuracy of 
measurement and small error in calculations. 
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1. Introduction 
Control of the main process parameters is carried out in order to obtain the information necessary for timely 
elimination of operating modes of the equipment [1]. In the measurement of process parameters are widely used 
potentiometers [2, 3]. With a large number of positive qualities such sensors they have a major drawback: a limited 
number of cycles due to wear the sliding contact portion of the sensor. The reason for this friction between the 
resistive layer and the collector movable element [4]. This lack deprived resistive-capacitive sensors with distributed 
parameters [5]. 
In currently prevalent resistive-capacitive sensors, which are a potentiometer with a movable electrode is moved 
by the measured value of the resistive element, without touching the latter. As a result, a circuit diagram of 
parametric resistive-capacitive sensor is a multi-element multi-pole circuit. The resistive-capacitive sensors with 
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distributed parameters is not used galvanic and capacitive coupling of the movable element with the resistive layer. 
However, changes its average value with respect to the tank connection in an actual operation of a resistive-
capacitive sensors distributed parameter, while moving the movable member to cause distortion of the transfer 
function of the sensor, and hence the output [6, 7]. To achieve permanence capacity communication is problematic 
without a significant appreciation of the sensor. Thus the control of the capacity of communication and information 
about its deviation is very important for accurate measurement, mathematical and circuit simulation of the 
measurement process in the design of a resistive-capacitive sensors and the development of transducers for them [8]. 
2. The method of resonant series-parallel identification 
To determine the parameters of a resistive-capacitive sensors with distributed parameters is proposed to use the 
method of resonant series-parallel identification. It combines measurements on the physical object in three modes 
(normal, resonances, voltage and current), and the solution of equations of the model that allows you to define the 
parameters of the equivalent circuit, inaccessible to direct measurements [9]. 
Algorithm of a series-parallel resonant identification comprises the following steps: 
 
x Measuring the physical object in three modes: normal, the resonance voltage and current; 
x Preparation of the equivalent circuit of the object; 
x The preparation and the solution of equations of the model parameters for the desired object. 
 
The generalized scheme of measurements of currents in the above modes is shown in Fig. 1. 
 
 
Fig.1. The generalized scheme of the experiment. 
By measured object generator is connected sinusoidal voltage e(u). You can connect using the keys K1 and K2 
variable inductance LH and LT series in parallel with the object of study. 
In the normal mode (the key K1 is in position 1, switch K2 open) produced by rms value of I, the voltage U and 
the phase difference ĳ therebetween. In a second experiment measuring mode (resonance voltage) key K1 is 
switched to position 2, the key K2 is open. By changing the inductance LH are seeking to phase shift ĳ between the 
current i and voltage u is zero. In this mode, the measured current I=Iɇ and the voltage U. In the third experiment, 
the measurement mode (mode resonance current) key K1 has been set to 1, and the key K2 is closed. By changing 
the inductance LT to achieve a phase shift ĳ between the current i and voltage u is zero. In this mode, the measured 
current I=IɌ and voltage U. 
RC-sensors distributed parameter corresponds to the equivalent circuit shown in Fig. 2 [8]. 
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Fig. 2. Equivalent circuit. 
For model describing the operation of the plant, set up a system of equations, and accept the capacity C1 and C2 
are equal. 
In the first (normal) measurement mode: 
2 22 2 2 22 21 1 2 3 1 1 2 32 22 2 2 2 2 2 2 2
1 1 2 3 1 1 2 3
U
I
R X R X R X R X
C C C CX
CR X R X R X R X
C C C C
 
§ · § ·
¨ ¸ ¨ ¸  ¨ ¸ ¨ ¸¨ ¸ ¨ ¸   © ¹ © ¹

,  (1) 
2 21
2 22 1 1 2 3
2 2 2 2
1 1 2 3
X
Carctg
R X R X
C C
R X R X
C C
M
§ ·
¨ ¸
¨ ¸
¨ ¸ ¨ ¸
¨ ¸
¨ ¸
¨ ¸ © ¹
  . (2)
Mode voltage resonance: 
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Mode resonance currents: 
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The solution of (1-4) gives the desired parameters of the circuit: C1, C3 and R1, R2. 
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3. Implementation of the method of resonant series-parallel identification 
Experimental study of the method produced by performing a computational experiment. Measurements of 
currents, voltages and phase shifts made using the emulator Micro-CAP [10]. Driving computational experiment is 
shown in Fig. 3. 
The output of the generator V1 sinusoidal voltage U = 3, the frequency f = 50 kHz. The values of equivalent 
circuit parameters R1 = 100 ohms, C1 = C2 = 1 nF, R2 = 16 ohm, C3 = 0,1 nF. 
 
 
Fig. 3. The equivalent circuit in Micro-CAP 9.0. 
In a first mode, measurement results are as follows: I = 207,5 microamps, U = 3, ĳ = 0,98 rad. In the second 
mode inductance LH = 21 mH gives resonance current IH = 231,2 mA, and the third – LɌ inductance = 200 mH gives 
IH = 237,7 mA. 
The system of equations performed at Pomo-soup program Maple [11]. This package is widely employed, it 
forms an electrical engineering in solving problems, and medicine related to solving systems of equations [12-14]. 
Listing of the program is shown in Fig. 4. 
 
 
Fig. 4. Listing of calculations in the program Maple. 
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In the course of solving the system of equations obtained the following results: R1 = 99,708 ohms, R2 = 16,002 
ohms, C1 = C2 = 0.999 nF, C3 = 0.099 nF 
We find the error of the result obtained by the ratio of [15-17] 
Ȗ 100%,
X X
CALC
X

     (5) 
where X - the true value specified in the emulator Micro-CAP, XCACL - value obtained from the system. 
 
According to the formula (5) are calculated following error: ȖR1 = 0,3%; ȖR2 = 0,02%; ȖC1 = ȖC2 = 0,3%; ȖC3 = 1%. 
Of computational experiments showed that the method of resonant series-parallel identification allows you to 
define the parameters of RC-objects with distributed parameters. This can be identified four parameters of the 
equivalent circuit. If you want to define more parameters measuring experiment must be carried out at several 
frequencies, thus allowing a system containing a large number of equations. 
4. Conclusion (Conclusion) 
The proposed method allows to determine the parameters of the resistive-capacitive sensors with distributed 
parameters. If you want to define more parameters measuring experiment must be carried out at several frequencies, 
thus allowing a system containing a large number of equations. This experiment shows that with this method the 
calculation error does not exceed 1%. 
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